ABSTRACT: A Thomson scattering diagnostic system has been developed for electron density and temperature measurements in KSTAR. The KSTAR Thomson scattering diagnostic system has a 90 degree scattering configuration with the tangential laser-beam input optics and the horizontal collection optics. In the KSTAR 4 th campaign, measuring spatial points of the Thomson scattering system was 5 ea for core with 120 mm, 60 mm spacing and 12 ea for edge with 20 mm, 10 mm spacing, respectively. For KSTAR Thomson scattering system, we used the commercial 10 Hz, 2 J, 1064 nm Nd:YAG laser that was installed through the Korea-Japan collaboration. To get the Thomson scattering spectrum, we equipped the core and edge polychromators. And the edge polychromators were developed by Korea-Japan collaboration and manufactured by NIFS, Japan. The measurable range of core polychromator was 500 eV to 20 KeV and edge was 10 eV to 1.8 KeV.
To evaluate the electron density and electron temperature, we measure the Rayleigh scattering signals by using polychromator's 1064 nm filter channels and relative calibration by using a tungsten (W) lamp with monochromator system. The measurement result of Rayleigh scattering signal with nitrogen (N 2 ) gas was clearly proportional to the nitrogen density rate. We use the QDC(Chargeto-Digital Conversion) system with signal amplifier (×4) to get Thomson scattering signal. In this paper, we report the first result of electron temperature and density by using the tangential Thomson scattering system on KSTAR 4 th campaign. KEYWORDS: Nuclear instruments and methods for hot plasma diagnostics; Plasma diagnostics -interferometry, spectroscopy and imaging; Plasma diagnostics -charged-particle spectroscopy; Plasma diagnostics -probes 
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Introduction
The Korea Superconducting Tokamak Advanced Research (KSTAR) tokamak [1] has achieved the first plasma in the middle of 2008, and KSTAR team achived H-mode in the KSTAR third campaign on 2010 [2] . The KSTAR is a medium size D-shape plasma tokamak, the major machine parameters are R = 1.8 m, a = 0.5 m, B < 3.5 T, I p < 2 MA and k = 2.0. The Thomson scattering diagnostic [3] is one of the most important measurement techniques for nuclear fusion plasmas. Thus the Thomson scattering diagnostic has been used to measure the electron temperature and electron density profiles in a large tokamak devices such as DIII-D [4] , JT-60U [5] and ASDEX [6] . Therefore to measure the electron density and electron temperature in KSTAR tokamak we installed and commmissioned tangential laser input type yttrium-aluminum-garnet (YAG) Thomson scattering (TS) system on september, 2010 [7] . During the KSTAR 4 th campaign in 2011 (July ∼ September), electron temperature and density have been measured preliminary by using tangential laser input of the YAG-TS system. The main differences between 2010's and 2011's setup is an optical fiber and core polychromator specification. In KSTAR, Electron Cyclotron Emission (ECE) diagnostic system [8] and X-ray Imaging Crystal Spectroscopy (XICS) system [9] are operated for measuring electron temperature, and mm-Wave interferomator system is operated for measuring line integrated electron density. Further, KSTAR diagnostic team is prepairing a far-infrared interferometer (FIR) diagnostic system for measuring electron density profiles for next KSTAR campaign. In this article, the tangential laser input type YAG-TS diagnostic instrument and preliminary results from the KSTAR tokamak on 2011 are described.
Experiment 2.1 System setup
The traditional Thomson scattering diagnostic system consists of lasers, collection optic, spectroscopic system and data acquisition parts. Last year (2010) we installed KSTASR YAG-TS system in the KSTAR as shown in figure 1 [7] . Because of the KSTAR YAG-TS system is tangential laser input type system, the L-Port is allocated for the laser input, N-port is designed for the collection optic system, and a beam dump is located at the B-Port. From the first installation, we found a problem on the mirror reflectance at the near infrared wavelength region in the collection optics system. Therefore in this year (2011), we changed the mirrors that have more efficient reflectance (R > 99%) at the YAG-TS scattering wavelength range, enlarge an optical fiber dimensions, change the core polychromator interference filters, and increased the optical fiber numbers. For the KSTAR YAG-TS system, we used a commercial Nd:YAG Laser system. This laser system (Thales Laser, SAGA) was supported by the Korea-Japan collaboration woks and have 10 Hz reputation rate, 2 J and 10 ns pulse width. For the collection optic system, we have two kinds of light collection optics; first one is for core TS signal another one is for edge TS signal (figure 2). This collection optic was optimized by 'Code-V' optical design software. The effective focal lengths are 316.37 and 437.92 mm, respectively, for the core and edge collection optic modules. The f -numbers are 2.26 and 2.74 for the core and edge modules and the magnifications of the each lens modules are 0.43 and 0.42 for the core and edge collection optic modules. The total lengths are 616.05 mm for core and 774.6 mm for edge lens modules [10] . The optical fiber bundles are used in this KSTAR 4 th campaign that dimension is 3.5×1.8 mm 2 and this space is filled with 200 µm diameter optical fibers. These optical fibers measure 17 different plasma positions in the KSTAR tokamak, 5 for core plasma and 12 for edge plasma, respectively. The measuring positions are at the KSTAR diameter r = 1800 (plasma centre), 1920, 2040, 2100, 2160 mm for core and the KSTAR diameter r = 2160, 2180, 2200, 2220, 2230, 2240, 2250, 2260, 2270, 2280, 2290, 2300 mm for edge ( figure 3 ). To measure the scattered Thomson signal, National Institute for Fusion Science (NIFS) in Japan loan the edge polychromator system through the Korea-Japan collaboration works and we modify the edge polychromators to the core polychromators through a changing interference filter sets in the polychromator modules The each polychromators are composed with five interference filters, five silicon avalanched photodiodes (Si APD: Hamamatsu S8890-30) and five relay lens sets, the etendue of each polychromators has 1.7 mm 2 -steradian. Table 1 shows a core and edge polychromator interference filter combinations. The core and edge polychromator filters are designed for 500 eV ∼ 20 keV and 10 eV ∼ 1.5 keV, respectively. The signals from polychromators are led to a fast signal amplifier (×4) (CAEN, N979) and then enter to a charge to amplitude conversion (QAC) system (CAEN, V792N &V792). Gate for Thomson and background signals are generated from a timing module set made by KSTAR control team. Finally, the measured Thomson signals are stored into the KSTAR MDS+ data system.
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System calibration
Before the KSTAR experiment, we calibrated the KSTAR YAG-TS system. The Laser beam is aligned with the collection lens focusing points by using an optical rail system and backlights from the optical fibers. This backlight is illuminated in the Thomson diagnostic room near the polychromators, and backlight light source is using a white LED and diode laser. We made a relative and an absolute calibration to the core and edge polychormators. For the absolute calibration, we did a Rayleigh scattering experiment with nitrogen (N 2 ) gas, and the pressure was raised up to the 20 mbar. The measurement result of Rayleigh scattering is clearly proportional to the nitrogen das density ratio ( figure 4 ). This result gives information about the performance of YAG-TS collection optic system and a related parameter of electron density of plasma. For the relative calibration, calibrated tungsten light (W) and monochromator (ACTON, SP2300) were used to the all of polychromators. Figure 5 shows the spectral response of core and edge polychromators. Through this relative calibration result, we made a lookup table to calculate the electron temperature (figure 6).
Result
To obtain the electron temperature in KSTAR plasma, the lookup table method is used. For the fore-channel interference filters except the laser wavelength channel interference filter, we get each filters signal (V c ) of the given Te. Then we make a table that express the relationship between V c and Te ( figure 6 ). In the same way, the ratio of the measured values (V m ) from experiments is made. After than we calculate a minimum value of chi-square (χ 2 ) min = σ (V m -V c ) 2 and obtain the corresponding Te. To obtain the electron density, we use the Rayleigh calibration result. This measured Rayleigh scattering signal is proportional to the N 2 gas pressure, and this signal is linearly fitted well. From this fitted result, we get the slope and intersection between N 2 gas pressure and Rayleigh scattering signal. After than we calculate the electron density n e using comparison of total integrated intensity between Thomson and Rayleigh scattering [11] . Figure 4 shows an electron density temperature profiles and relative electron density profiles from KSTAR H-mode plasma shot #5534 by using Thomson scattering diagnostic system.
Summary
We successfully installed the tangential YAG-TS system and got the electron temperature and electron density data for the first time by using TS diagnostic system in KSTAR. Next year we have a plan to increase the edge optical fibers to measure the pedestal region more precisely. And a high power (5 J) and high reputation rate (100 Hz) Nd:YAG laser for ITER edge TS system developed by JAEA in Japan will be installed for the KSTAR experiment and laser performance test.
